Abstract-Ring core transformers are analysed by using a two dimensional axisymmetric model. The primary and secondaries are foil windings surrounding a core with finite permeability. The secondaries are positioned between core and primary winding. They can either be short circuited or connected to a resistive or inductive load. The current in the primary is constant up to the switching point at t = 0. At this moment it is abruptly forced to zero hereby causing transient fields in all windings. The spatial distribution and temporal devolution of these fields is affected by the loading of the secondaries. The scope of the paper is to analyse the current density distribution and the total current in the secondaries and the primary as a function of time. To achieve this the spatial distribution of the magnetic field for t < 0 is expressed by a sum of spatial eigenfunctions each of them decaying with a particular time constant in t > 0. Because of spatial continuity requirements the time constants in adjacent regions with different material properties must be identical. The transformer analysis can easily be modified to become applicable for coils. Also the switching process may be modified: instead of changing source voltage or current material parameters as for instance conductivity can be altered in the framework of the developed formulas.
The model of the transformer is shown in Fig. 1 . The windings are placed in the region bounded by the high permeability region in 0 < z < h and the permeable core in 0 < ρ < c. The primary resides in d < ρ < e, the secondaries (1) and (3) isolated from each other, reside in a < ρ < b and b < ρ < d, respectively.
The windings have conductivities κ i , i ∈ {1, 2, 3} which may differ from 0 and permeabilities µ i , which may differ from µ 0 .
Windings (1) and (3) are loaded with series connected resistors and coils with resistance R 1 and inductance L 1 or R 3 − L 3 , respectively.
In the sequel the transient current and associated field quantities induced in the secondaries are computed if a DC current i 0 in the primary is switched of in t = 0. The shut down fields determined in this way constitute the basis for the computation of secondary fields caused by a current of arbitrary time dependence in the primary.
THE TRANSIENT FIELD AFTER SWITCHING
In the axisymmetric arrangement of Fig. 1 , the magnetic field strength only depends on the radial coordinate ρ and of time t having a solely z-component. The field equations
yield the following partial differential equation
which can be separated with the ansatz into the ordinary equations
having solutions
Before switching the magnetic field strength in region ρ < d is equal to H 0 = i 0 /h; in the primary it obeys the differential equation
hence here
holds. After switching off the DC current i 0 in the primary in t = 0 the magnetic field for t > 0 is given by the ansatz
As the total current is zero in the primary after switching the magnetic field strength has nulls in locations ρ = d and ρ = e. The constraint H(ρ = e, t) = 0 is inherently satisfied by the ansatz, the constraint H(ρ = d, t) = 0 demands the validity of the eigenvalue equation
from which the eigenvalues m 2r (r = 1, 2, 3, . . .) and the eigenfunctions
result. With this it is possible to obtain the constants E m2r from the condition
which is not affected by the field in ρ < d.
In the secondaries the constants are fixed by the demand for continuity of the magnetic field at the boundaries in ρ = a and ρ = b,
and by the evaluation of the induction law at the same locations. For ρ = a the induction law yields
Evaluating the induction law in an analogous calculation on the cylinder
and then
with R 0 := 1 κ3h .
EXAMPLES
The following parameters 
Secondaries Connected to External Impedances
R 1 = R 3 = 3 · 10 −4 Ω; L 1 = L 3 = 0 τ r = {0
